PROCEDURES FOR HVAC SYSTEM DESIGN AND INSTALLATION

The goal for a HVAC s/stemis to provide proper air flow, heating, and cooling to eachroom. This page
sets ait key criteria that éscribe a quality system andkey design andnstallation cansiceratians that shold be
met to achieve this gal. The pages bllowing cantain nore cetailed information on design, Bbrication,
installation, andperformance testing.

Criteria for a Q uality HVAC System

An HVACsystem $iould:

1. Beproperlysized to proide correct airlbw, ard meet roomby-room calcuated heatirg ard coolirg loads;

2. Beinstalledsothat the static airnessure tbp acrass the handr is within manufacturer andlesign
specifcatiors;

3. Have sealedupply ductwork that will provide roper air flow;

4. Beinstalled vith a retuin systemsized to proide correct retrn air flow,

5. Have sealedeturn dictwork that wil provide proper air flow to the fan, andavadd air entering the HVE

systemfrom polluted zones (e.g.,dmes from autes andstaed chenicals, andattic particulates);

Have talancedair flows between suply andreturn sgtens tomaintain neutral pessure in the hoe;

Minimize duct air tenperatue gain or loss betwenthe air landler ard roomregsters, ad betweenretun

regsters ad the air tandler;

8. Be propery charged with refrigeran;

9. Hawe proper buner operabn ard proper dratf

No

Procedures b Design and Install an Air Distribut ion System
The followng depsshould be folloved in the delgn and ingallation of the HVAGystem to engre efficiency
and comdrt (for detils, see Appendi 1)

1. Deternine racom-by-room loads andair-flows using ACCA Manual Jcalculation procedures (@ sulstantially
equivalent);

2. Layout duct systemonfloor plan accounting for the directionof joists, roofhips, fre-walls, amnl other poterial
obstructions. Deternine register loations andtypes, duct lengths, and¢onnectios regired to produce layout
given constiuction constraints;

3. Size dut systemaccordimg to ACCA Manual D calcuation procedues (or sbstartially equivalent);

4. Size HVAC equiipment tosensilie load using ACCA Manual S pocedures (@ sulstantially ecuivalent);

5. Install equpmert ard dwcts accordig to desig specifcatiors, using installationrequremens ard procedues
fromthe Uriform Mecharical Code, tle Air Diffusion Council, SMACNA, Calif ornia Residertial Energy
EfficiencyStandrds, andmanufacturersspecifications (Title 24); Using these impcedures andhose in
Appendix A, the dict systemshauld be sutstantially air tight;

6. Charge the s/stemapproprétely, ard verify charge with the evaporabr superfeatmethod or sibcooing method
(or sutstantially ecuivalent);

7. Checkfor proper firnace buner operatiorard fire-box drating;

8. Test the sgtemto ensure that itgforms properly by determining (1) that the sgtemis properly sized (2) it
doesnot leaksubgantialy, ard has either (3a) proper aihandler fan flow, ard proper ptrnum static presures
or (3b) proper roonard reurn air flows, ard proper ptérum static presures (Proceduvesare dediled in
acconparying Scope ofwork.)
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Scope of Work

Details for an HVAC System
Materials, Fabrication, Design, Installation, and Rerformance Testing

MINIMUM MA TERIALS SPECIFICATIONS
The fdlowing are minmum maerials specificaions recanmered to achieve asubstantially tight instdlation that
will last:
All Materials
e Shall have a mnimum performance emperaure ratngs per UL181 (duts), UL181A (closure gystens for rigid
fiberdass ducts), UL181B (cbsure g/sternrs for flexible ducts) ard/or UL 181BM (nadic); Butyl-backtape may
also be sed to seal duts, dictboard ad metal;
e  Shall have a lame gread raitng of no more than 25 aml a maximum smoke deweloped raing of 50 (ASTM E 84);
FactoryFabricated Dat Systens
e All facory-fabricaed dict systens shall include UL 181 isted dicts with approwed cbsure systens including
collars, comectiors ard splices;
« All presure-sersitive aml heatactivated tapesised inthe manufactue ofrigid fiberdass ducts shall be UL181A
listed
* All presure-sersitive tapesard mastics used inthe manufacture of flexible ducts shall be UL181B (tape) or UL
181BM (redic) listed.
FieldFabricated Dat Systens
e Ducts:
- Facbry-made duts for field-fabricated duct systens shall be UL 181 lsted.
e Mastic sealats ard mesh
- Seahrts dall be UL181BM listed, ron-toxic, ard water resstart;
- Sealats for interior applicatios shall pas ASTM teds C 731 (exrudability after agng) ard D 2202 (kimp
test onvertical sufaces);
- Sealats ard meshes shall be rateddr exterior wse;
- Seahntsfor exterior appicaions shall pas ASTM tests C 731, C732 (arificial weahering test), ard D 2202.
e Pressuresensitivetapes:
- cloth-bacled, ribberadhesive tapes(typical duct tape) dall not be sed eenif UL 181B raed;
- Tape wed or flexduct shall be UL 181B lsted or be alminum-backed buyl adhesive tape (15 nil.
minimum);
- Tape wsed for duct board kall be UL181Alisted ard 0 indicaed with a UL 181Amark or auminum-backed
butyl adhesive tap (15 mil. minimum).
e Drawbards:
- shall be eitler staihesssteel vorm-drive hose clanps or w-resistah nylon duct ties;
- shall have a minimum performance emperaure ratng of 165 degeesFahrerheit (cortinuous, per UL181A
type test) and a minimum tensile strength iating of 50 pounds;
- shall be tightered as recomended bythe manufactuer with anadjustable tesoning tool.

DESIGN, FABRICATION, AND INSTALLATION
The followng are degyn, fabiication, and ingallation guidelineghat, if caefully followed, will provide a duct
installation that issubgantially airtight and that wl provide poperairflow to each oom of the howes

Generd Issues

e Ducts, penuns, andfittings shaild be constructedof galvanizedmetal, duct board, or flexible duct. Building
cavities nay not be usedas a dct or plenumwithout a sealedluct board or metal liner.

e The air hanter box shaild be air-tight;

« Airfilters stould be easilyaccessile for redacenert, ard evaporatar cals should be easilyaccessike for clearing;

e Ducts should be cofigured aml suppored 0 asto preert use of exces material, prewert disocaton or danage,
ard prewert corgtriction of ducts belowtheir rated diarater;

* Flexible duct berds should not be made across srp corrers or lave incidertal cortact with metal fixtures, pipes,
or corduits that canconpress or dage the dwctwork;
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* Flexible dwcts slould not have berds that exceed 90Unless speciéd inthe desig;
* Sheet netal collars ad sleewes slould be beaded todid drawbards.

DESIGN HVAC SYSTEM

Loads ad CFM Calculation

e ACCA Manud J Load Cdculation or equivalent required,;

e Cdculate keat loss ath heat gin for eachroom

e Total room loads todetermine systemrequirements.

Lay Out Air Distribution System

e Lay out duct systemon floor plan anddeternine register psitions andduct paths tooptimize racom air circulation
andminimize acutal dct length as wll as eqiivalent lengths ofittings, kends, etc.;

e Duct patlts nust accout for locatiors ard directiors of joists, roofhips, ire walls, ard other potertial obstructions;

e Duct paths nrust ke plannedto avad sharpturns d flexduct that wil kink the duct.

Size Ar Distribution System

ACCA Manud D Duct Design a equivalent required;

Calculate correct ¢h for eachroomard total or bulding for bothsupply ard retun;

Size duts accordig to Marual J loads, Maoal D air flows, ard final layout on plars;

Choose retgters to optirize air distribtion and dwct static presse;

Size aml locate rettns to optinize air fow per ACCA methods;

For returnfilter grills, calculate rmimum return flter area pr ACCA methods.

Select Sgtem

e ACCA Marua SResidertial Equpment Seleciion or equvaent requred. ACCA, 1515 16h St., NW,
Washington, DC 20036, (202)483370;

e FromManua Jloads ad Marual D cfm, deternine appropriate egopment

* Equipment shald be sizedto sensilte loads;

 Equipment sensite camacity shailld nat be more than 5% larger than the tal sensibe design lcad (as secifiedin
Manud S).

FABRICATE AND INSTALL AN AIRTIG HT DUCT SYSTEM

All Duct Types

e Alljoints ard sears of duct systens ard their conporents stould be sealed ith mastic, nestic ard enbedded
mesh, alunmum-backedbutyl adhesive tap (15 mil. minimum), or pressuresensitive tap approved for use ly the
duct manufacturer ard meeing UL181 gecificaions, excluding cloth-bacled ribberadtesive tapes("approwed
tape’); cloth-bacled riberadheasie tapes il not be wsed to attaclor seal dats.

e junctions d cdlars todistribution boxes andolenuns shaild be sealedwith mastic;

e All sealans slould be wsed instrict accordace with manufactuerss installationinstructions ard within sealats
moisture andenperature linitations;

« All tapes ged as part ofluct systeminstallationshould be applied to clearry sufaces ad sealed vth
manufactuer's recommended anount of pressue or teat. If oil is preset) taped stfaces sbuld be prepared ith a
clearer / degeaser prior to application

e Itis reconmendedthat all register tixes shold be sealedo the dywall or floor with caulking @ mastic.

Flexible Ducts

* Flexible dwcts stould be pined bya netal slee, collar, copling, or cowpling system At least 2 iches ofthe
beaded sleey collar, or copling must exerd into the inner core while allowing a 1 irch attachment area orthe
slee\e, collar, or copling for the applicatiorof tape;

 The inner coe shald be mechanicallyfastenedo all fittings, eferally using dawbands installeddirectly over
the inner coe andbeacedfitting. If beaded sleeves anddlars are nbused then the inner ge shaild be fastened
to the fitting using #8 screve equally spacedaraund the dameter d the duct, ard installedto cagure the wire cal
of the imer liner (3 screw for ducts p to 12" dianeter, and 5 screw for ducts ower 12"dianeter);

e The inner coe shalld be sealedo the ftting with mastic a approved tape;

e Tape usedfor sealing the inner ¢e shalld be applied with at least linch d tape on the dict lining, linch d tape
on the ftting of flange, andvrapped at least three tigs;

e The ouer sleee (vapor barrier) sbuld be sealed at coectiors with a dravbard ard/or three waps ofapproed
tape;

e The vapor barrer sould be conplete. All holes, rips ard seans must be ®akd with mastic or approed &pe.
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Metal Ducts aml Herums

 Metalto-metal comectiors should be cleaed aml sealed iraccordane with manufactuer's specifcatiors;

e Operings greater tlan 1/16 irch should be sealed ith mastic ard mesh or buyl adtesive tape;

e Operingslessthan1/16 inch should be ®akd with mastic or UL-181A listed tape;

e Special attetion should be paid to collar carectiors to diwct-board ad/or sleet netal; seal arond the comection

with mastic;

Connectiors betweencollars an distribuion boxes stould be sealed ith mastic;

* Atleast thee eqally-spaced #8 scresssiould be sed to nectarically fastenround ducts (3 screwfor ducts p to
12" diameter, amd 5 <rews for ducts over 12" diameter);

e Crimp joints slould have a contact lap ofat least 1% iches;

e Square or rectangula ducts shald be mechanically fastened with at least one saew per side.

Duct Board

e Duct board conectiors $oud be ®aled vith adtesive, mastic, or UL 181Alisted presure-sersitive or teat-
activated tape imccordane wth manufactuer's specifcatiors.

Duct Support

e Suppors $oud be nstalled per nanufacurer's pecificaions or per UMCrequrenents;

e Supportsfor flexible ducts should be paced at o more than4 foot intervals

e Flexible ducts should be sippored by strapping having a ninimum width of 1%2inchesatall cortactpoints with the
duct;

e Suppors should not corstrict the inner liner ofthe dict;

e Flexble ducts should have maximum of ¥z inch sag per ot betveensuppors;

* Flexible ducts may res onceling joists or truss supports aslong astheylie flatard are sppored at ro more than4
foot intervals.

Boots

e After nechancally attacling the regster boot to lfioor, wall, or ceiling, all operngs betweenthe boot ad floor,
wall, or ceiling shalld be sealedwith caulk, nastic, a butyl-adchesive tap.

Seal Ar Hardler

e Operings greater tlan 1/16 irch should be sealed ith mastic ard mesh or buyl adtesive tape;

e Operingslessthan 1/16 inch should be £akd with mastic or UL 181Alisted tape;

e Unsealed accesdoorsshould be ®aled vith UL 181Alisted tape.

CHECK REFRIG ERANT CHARGE
* For systens with fixed metering devices ge e\aporator sperheat nethod:
- indoor col airflow must be greaer than 350 cfr/ton;
- refrigerart systemevacuation must be comlete (all ron-condersables rast be reroved from the system)
- inhot, dry climates be caious to be wthin rarge of syperteat clargng chart or se a diferent nethod.
e For systens with thermostatic exparsion valvesuse the sibcooing method.

CHECK COM BUSTION PERFORMANCE
e Checkeachchanber for correct fame;
e Checkfor proper drating.

TEST SYSTEM PERFORMANCE

The following are &sting requiremens and poceduesthat mug be bllowed to enaire that the HVACsystem hasheen
propely installed. The tests are degsgned b deermine whether.

Room-by-oom ar flows are corect

Total supply is asdesgned;

Total return = total supply;

Ducts, plenum, and aihander are ight,

Siatic presure is correct

arONE

e Test the systemto ersure that it perbrms properly by (1) verifying HVAC equpment sizes istalled are thse
specifed, (2) nreasuwing duct lealage, ard measuing either (3a) &n flow or (3b) spply ard retun flows ard
plenumstatic pessues:

1. Air conditioner sensile camcity must ke no more than 5% greater than the calculatednsile load fan flow
must be geakr than 350 cin/ton; checkthat the correctsize ar handler is installed.
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2. Ensure that theutt systemdoes nd leak sulstantially.

a  Arough sywtem, including both sugply and return but without the air handler, shauld nat leak more than
3% of specifed fan flow (cfm leakage measwed with HVAC systempresstzed to 25 B);

b. The finishedinstallatian, includng suply, return, the air hardr andfinishedregisters, mast nd leak
more than 5% of measued fan flow or of measued retun flow (cfm leakage measuwed with HVAC
systempressuizedto 25 Pa);

3a. Measue air tandler air fow ard static presge acrossdn; ersure that total air fandler ouput is within 5% of
desigh ard manufactuer specifcatiors at a static presse within 0.1 inwg of desig.

3b. Swply ard retun air flow, ard static presge reqiremerts: Ensure that syply ard retun flows are correct,
ard that the static presse across th fan is correct:

a. Measue roomby-roomair flows to esure that eachregster is vithin 15% ofManual D desiq air flow,
andthat the entire sygby is within 5% of design;

b. Measue retun air flow to ersure that it is within 5% ofthe total spply air flow,

c. Test datic presure drop acrosthe blower o ersure thatit iswithin 0.1 n wg of desgn ard manufacurer
specifcatiors.

e Duct lealkage canbe deterrimed sing a presstization or depressizationtechique; for details, seeASHRAE
Stardard 152P, @ifornia Erergy Commission ACM Manua Apperdix F, Minneapois Duct Blager™ manual, or
other commercially available duct presstizationor depressization devices;

* Duct lealage tounconditioned space carbe deternined with the house pressuization or LBL simplified techique;
for detils see (EC reportP40091-031CN, Secion Six;

* Fanflow, syply flow ard retun flow measueners, see Mineapolis Dt Blaster™manual (or equvalent);
alternatively for supply ard reurn flows, use a cabrated flow hood. Do not use a piot tube, or ay type of
arenmometer to deterine these air fiows;

e Static presure drop acrosthe fan is measired wsing gatic presure probesn the retrn plerum ard in the upply
plenum

REFERENCES
1991 Uriform Mecharical Code (UMC) Secions 1002 -1005 ad Apperdix A, Stardard No. 105.
Air Diffusion Council, Flexible Duct Rrformance & Installation Standrds.
ACCA Manual J, Seenth Edition, 1986
ACCA Marua D, New Edition, 1995

ACCA 1515 16h St., NW, Wasington, DC 20036, (202)483370

ASHRAE 1791 Tullie Circle, N.E., Alanta, GA30329, (404)63®400

ASTM E 84 Test for Suface Birning Characteristics oBuilding Materials

ASTM C731 Extrudability After Aging

ASTM C 732 Artificial Weahering Test

ASTM D 2202 Slump Test onVertical Surfaces

California Erergy Commission 1516 9" Street Sacranerto, CA 958145512, (800) 7723300
SMACNA Manual Installation Standrds for Residntial Heating andhir Conditioning Systens
UL Stardard 181 Stardard br Facbry-Made Ar Ducts ard Air Connecbrs

UL Stardard 181A Stardard br Closure Systens for Use with Rigid Air Ducts ard Air Connecors
UL Stardard 181B Stardard br Closure Systens for Use with Flexible Air Ducts

UL Stardard 1818/ Stardard br Mastic Materials
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